The reverse transcriptase of Mason-Pfizer monkey virus (M-PMV) has been isolated and partially purified by ion exchange chromatography. Sera from rabbits immunized with the partially purified enzyme have been shown by microimmunodiffusion analysis to be immunologically specific for the M-PMV polymerase. The immune serum also specifically inhibits M-PMV polymerase activity and this inhibitory activity has been shown to reside in the IgG fraction of the serum. The application of these reagents to examining virus identity and investigating the possible viral aetiology of human breast cancer is discussed.
INTRODUCTION
Mason-Pfizer monkey virus (M-PMV) was first isolated from a spontaneous mammary adenocarcinoma of a female rhesus monkey and its development and ultrastructure have been described (Chopra & Mason, I97o; Jensen et al. I97O) . Electron microscopic examination of this virus revealed that M-PMV is in several respects morphologically similar to retroviruses of murine and primate origin and indistinguishable from the X38I virus isolated from the lactating mammary gland of a rhesus monkey (Ahmed et al. i974 ). M-PMV-like viruses have also been observed in human tumour cell lines (Ilyin, Bykovsky & Zhdanov, I973; Parks et al. I973; Gelderblom et aL I974) .
Serological studies have shown that M-PMV is unrelated to the several types of simian foamy virus, visna virus and the known oncornaviruses (Ahmed et al. I97I; Nowinski, Edynak & Sarkar, I97I) .
In order to investigate thoroughly the possible viral aetiology of breast cancer, specific test systems must be developed employing highly purified and well characterized viral reagents. One very useful reagent for such studies is the virus reverse transcriptase (RT). Purification of this enzyme from M-PMV virions is a necessary prerequisite to probing the biochemical and immunological relationship of the M-PMV RT to polymerases from cellular and other viral sources.
The present study outlines the purification of this enzyme and details the preparation and characterization of specific antibody against this virus antigen. The potential use of this antiserum to search for virus-related polymerase activity in human breast cancer cells is discussed.
Propagating and purifying virus. Mason-Pfizer monkey virus (M-PMV) was propagated in NC-37 cells (a normal human lymphoblastoid cell line) or in a co-cultivated monolayer culture of monkey mammary tumour cells. Woolly monkey fibrosarcoma virus (SSV-I) was produced in NC-37 cells. All cells were grown at 37 °C in RPM1 I64o medium supplemented with lO ~ foetal calf serum. Supernatant fluids were harvested at 48 and 72 h intervals, clarified and purified by sucrose zonal gradient banding (Harewood & Wolff, 1973) .
Kinetic reverse transcriptase assay. Sucrcse gradient-purified virus was assayed for RT activity in the following manner: a Io/fl sample of virus concentrate was disrupted with Triton X-Ioo (0"03 ~ final concentration) and after 15 min incubation at o °C the detergentdisrupted virus was added to a standard RT reaction mixture which contained in a final vol. of o.I ml: 50 mM-tris-HCl pH 7"8; 70 mM-KC1; IO mM-dithiothreitol (DTT); 0"4 mM each of dATP, dCTP and dGTP; 5 mM-magnesium chloride; 25 #g/ml poly rA.oligo dT (P. L. Biochemicals Inc., Milwaukee, Wisconsin) and 0-2 mM-3H-dTTP (219 ct/min/pmol). The reaction was carried out at 37 °C for 6o rain and terminated by the addition of 30 ~tg of Escherichia coli sRNA and I ml of 1o ~o trichloroacetic acid (TCA) containing 20 mMsodium pyrophosphate. The precipitate was filtered through Whatman GF/A discs, washed four times with 5 ~ TCA, twice with 95 ~ ethanol, dried and counted in lO ml of Toluene] omniflour scintillation fluid.
RT assays designed to assess the inhibitory activity of anti-M-PMV RT antiserum were performed in a similar manner except that detergent-disrupted virus was preincubated for 15 min at 4 °C with the desired antibody concentration prior to analysis.
Extraction of virus RT. Purified concentrates of M-PMV (I IO ml, looe-fold concentrate, 95 mg virus protein) were mixed with disruption buffer (0"05 M-tris-HC1 pH 7"4, 0"25 Triton X-Ioo, 0"7 M-KC1 and o.o~ M-DTT) and after gentle mixing (4 °C, 15 min) the suspension was centrifuged (89ooog, 3o rain) to remove particulate material. The resulting supernatant was then dialysed against buffer A (o'05 M-tris-HCl pH 7"4, o'o5 M-NaC1, o.oi M-DTT and IO ~ glycerol) for I h.
DEAE-cellulose and phosphocellulose chromatography. DEAE-cellulose chromatography was carried out by a modification of the procedure of Abrell & Gallo (1973) . Dialysed crude enzyme extract was applied to a column (o.8 x I5 cm) and the enzyme was eluted by washing the column with 80 ml of buffer A. Column fractions (5 ml vol.) were assayed for RT activity using our standard kinetic assay. The protein concentration of each fraction was determined by the method of Lowry et al. (I95I) . Fractions containing RT activity were pooled and applied to a Whatman PII phosphocellulose column (o'9 x 15 cm). The virus enzyme was eluted from this column with a linear gradient of sodium chloride from o'o5 to 0"5 M. Each fraction (2 ml) was assayed for RT activity and the active fractions pooled.
Production of antiserum. Antiserum to M-PMV-RT was produced in three random bred, young adult, New Zealand white rabbits. Each of the rabbits received the purified RT at multiple sites weekly for 5 weeks. A total of 1 mg of RT protein was administered to the rabbits. For the primary inoculation, the RT was emulsified in an equal volume of Freund's complete adjuvant and given in the footpad, neck and back regions. All sera were collected 7 to lO days after the last injection and stored at -6o °C. Preimmune serum was also collected from each of the rabbits and used as controls in the tests.
Fractionation of serum. The IgG fraction was purified according to the method of Aaronson 
et al. (I97I)
. Briefly, a saturated ammonium sulphate solution was added slowly to the serum and allowed to stand overnight at 4 °C. The precipitate was removed, dissolved in distilled water and dialysed against frequent changes of saline until the dialysate no longer contained sulphate ions as determined by barium chloride titration. The lgG fraction was further purified by passing it through a DEAE-cellulose column. The IgG fraction was eluted with o.oI M-potassium phosphate buffer pH 8.o, concentrated and tested for purity. Microimmunodiffusion. Microimmunodiffusion (MID) tests for antigenic specificity and purity were conducted on glass slides (3 x I in) containing thin (o.2 mm) films of 0"7 agarose and plastic templates as described previously (Ahmed et al. I97I ) . This type of MID testing has been found to be Io times more sensitive than that of using the Hyland immunodiffusion slides containing 2 ~ agar.
M-PMVp27. The major M-PMV.core protein, 27000 daltons, was prepared by Dr J. Yeh as reported earlier (Yeh et al. I975) .
RESULTS

Extraction of virus RT
Purified M-PMV virions were disrupted with detergent (o'25 ~o Triton X-Ioo) and salt (o'7 M-KC1) at o °C and the extract was centrifdged at high speed (see Methods) to remove debris. After dialysis, the solubilized enzyme was then chromatographed on a DEAEcellulose column. Generally, greater than 95 ~ of the input RT activity was eluted from the column with the 0"05 M salt buffer along with about 6 to 8 % of the input protein concentration. Washing the column with 0"3 M-NaC1 did not result in the release of additional RT activity (Fig. I) . This finding corroborates the data of Abrell & Gallo (I973) who reported that the major portion of M-PMV RT does not bind to DEAE-cellulose and is eluted by o'o5 M-sodium chloride buffer. The peak activity fractions from the DEAE-cellulose column were pooled and loaded on to a phosphocellulose (PI I) column. The column was washed with buffer A and eluted with a linear NaC1 gradient (0"05 ~ to o'5 M). None of the RT activity was released from the column during the washing procedure, while 8o to 9o % of the enzyme activity was eluted from the phosphocellulose as a sharp peak at approximately o'27 M-NaC1 (Fig. 2) . Based on a calculation of the recovery of protein, I "7 mg of partially purified M-PMV RT was recovered from 95 mg of starting virus protein. An analysis of the degree of purification achieved by these column procedures revealed that the five different batches of virus employed in this study yielded RT of approximately 6o to 8o-fold higher specific activity than the detergent-disrupted, gradient-purified virus.
Biochemical characterization of the M-PMV RT showed that it possessed template and metal ion preferences similar to those previously reported (Abrell & Gallo, I973) . Table I shows the response of M-PMV RT to various template]primers. Clearly magnesium is the preferred divalent cation for all of the template/primers examined, with poly rA. poly dT (I--I).
being the best template utilized. Significant IeveIs of activity were also obtained in reactions templated by poly rA. oligo dT, poly rC. oligo dG, and poly. rCm. oligo dG. The enzyme displayed little synthetic ability when poly dA. oligo dT was used as template/primer or when the reaction mixture contained Mn 2+. Figure 3 shows the response of M-PMV polymerase to increasing divalent cation concentration. Maximal enzyme activity was reached at magnesium concentrations between 5 mM and Io mM. It should be noted that the activity of the enzyme was significantly inhibited by all concentrations of Mn ~+ examined. 
Antiserum characterization
The rabbit antiserum prepared against purified M-PMV RT was exhaustively characterized for specificity. Normal cellular and growth medium constituents failed to react with the antiserum by MID testing. Purified M-PMV p27 also did not react. However, M-PMV preparations purified by two cycles of sucrose gradient centrifugation and known to contain greater than io 11 virus particles per ml yielded, after disruption by sonication, a single faint precipitin line with the antiserum. This line showed immunological identity with the precipitin line produced by the purified M-PMV RT (Fig. 4) . M-PMV RT protein failed to react with the monospecific M-PMV p27 antiserum (Fig. 5 ). An SSVq preparation purified in the same manner as M-PMV and containing a similar number of virus particles did not react with the M-PMV RT antiserum.
The immune serum was further characterized employing the RT inhibition assay. Increasing the concentration of the whole M-PMV polymerase antiserum or of the IgG fraction purified by ammonium sulphate precipitation and DEAE-cellulose chromatography, resulted in a progressive reduction in the M-PMV RT activity. Figure 6 is typical of the inhibition profile normally obtained when immune IgG was used. Note that at maximum inhibition (approximately 7o ~) 5 ° #g of immune IgG were required. Although whole immune M-PMV RT antiserum yielded an inhibition curve of similar shape, a 2.5-fold greater input of protein (132 ]zg) was required. The DNA polymerase of SSV-I was not inhibited by as much as 5o/zg of immune IgG (Fig. 6) or ~3 z/zg of whole immune serum. This antiserum also failed to inhibit the RT activities of Rauscher leukaemia virus (RLV) and endogenous baboon type-C virus (BV) (data not shown).
Addition of increasing amounts of preimmune normal rabbit serum resulted in a slight stimulatory effect on the rate of the M-PMV RT reaction. This stimulatory effect resembled that observed when immune IgG was added to SSV-I RT reactions (see Fig. 6 ). No inhibition of M-PMV RT activity resulted when as much as ~32/zg of the control serum was added to the M-PMV RT reaction. 
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DISCUSSION
Sensitive immunological methods have been developed for examining oncornaviral relatedness employing highly purified viral reagents. One such reagent which has been successfully utilized as an immunological marker has been the virus reverse transcriptase (Scolnick, Parks & Todaro, 1972 ) . Previous studies conducted with an antiserum prepared against the partially purified M-PMV polymerase showed that this virus could be readily distinguished from other known viruses employing an enzyme inhibition assay (Yaniv et al. 1974) .
In the present report M-PMV RT has been isolated from detergent-disrupted virions and partially purified by ion exchange chromatography. Biochemical characterization of the enzyme showed that it possesses template and metal ion requirements characteristic of the crude virus enzyme. Rabbits have been immunized with this antigen and an antiserum has been prepared against this reagent. Microimmunediffusion studies carried out with this antiserum showed that a single precipitin line is formed against M-PMV polymerase or disrupted M-PMV virions. Neither SSV-I, RLV or BV showed immunological relatedness to the antibodies contained in this serum. The fact that the M-PMV polymerase antiserum fails to yield any detectable precipitin line against purified M-PMV p27 strongly suggests that the purification procedures employed adequately separate the enzyme from the major core protein. Further support for this is provided by the MID analyses which clearly show that only one precipitin line develops when the antiserum is assayed against disrupted M-PMV or the partially purified enzyme. In view of the marked differences in molecular weight between the virus enzyme (I I o ooo daltons; Abrell & G allo, 1973) and its major core protein (27000 daltons) the presence of any contaminating core protein in the enzyme preparation would be readily detected by the appearance of separate precipitin lines (Ahmed et al. I97I). Additionally, the failure to detect any trace of cellular or foetal calf serum components when the partially purified enzyme was examined by MID against specific antisera indicates that these contaminants are not present in detectable amounts in the enzyme preparation.
Since the M-PMV RT antiserum specifically inhibits M-PMV polymerase and since this inhibitory activity resides in the IgG fraction, these reagents are potentially useful for identifying M-PMV-like virus isolates as well as for probing human breast tissues for M-PMV RT related activities. Such an approach has already been successfully employed in studies probing a viral involvement in human acute leukaemia ( 
